DPTP61F is a non-receptor protein tyrosine phosphatase that is expressed during Drosophila oogenesis and embryogenesis. DPTP61F transcripts are alternatively spliced to produce two isoforms of the protein which are targeted to different subcellular locations. DPTP61Fn accumulates in the nucleus, and DPTP61Fm associates with the membranes of the reticular network and the mitochondria. We have examined the spatial and temporal expression of the two alternative transcripts of dptp61F during Drosophila embryogenesis. Our observations indicate that the two isoforms are expressed in distinct patterns. The DPTP61Fn transcript is expressed in the mesoderm and neuroblast layer during germband extension and later in the gut epithelia. In comparison, the transcript encoding DPTP61Fm accumulates in 16 segmentally repeated stripes in the ectoderm during germband extension. These stripes are flanked by, and adjacent to, the domains of engrailed and wingless gene expression in the anterior/posterior axis. In stage 10 embryos, the domains of DPTP61Fm transcript accumulation are wedge shaped and roughly coincide with the area lateral to the denticle belts that will give rise to naked cuticle. The DPTP61Fm transcript is also expressed later in embryogenesis in the central nervous system. The segmental modulation of DPTP61Fm transcript accumulation in the A/P axis of the germband is regulated by the pair-rule genes, and the intrasegmental pattern of transcript accumulation is regulated by the segment polarity genes.
Introduction
Tyrosine phosphorylation is an important regulator of signal transduction pathways that direct biological processes (Bishop, 1991) . The level of tyrosine phosphorylation in the cell is controlled by the opposing functions of protein tyrosine kinases (PTKs) and protein tyrosine phosphatases (PTPs). Much is known about the structure and biological function of PTKs, and their key roles in regulating cell division and differentiation have been well documented (Hanks et al., 1988; Pawson and Bernstein, 1990; Atherton-Fessler et al., 1993) . PTPs have been implicated in many aspects of cell function, including cytoskeletal reorganization, cell cycle regulation, T-cell activation and differentiation (Fischer et al., 1991; Brautigan, 1992; Walton In several instances, alternative splicing of PTPs has been linked to direct modification of their function or cellular location. Alternative splicing of the receptor PTP, CD45, generates isoforms that are differentially expressed with the maturation of thymic T cells and have varying abilities to augment immunological responsiveness of CD4+ T cells (Chui et al., 1994) . In Drosophila melanogaster, DPTP61F is a non-receptor PTP which is expressed in two isoforms, due to alternative splicing at the 3' end of the gene (Fig. 1) . The two isoforms have identical catalytic domains but differ in their carboxy termini (McLaughlin and Dixon, 1993) . The alternative carboxy termini are responsible for targeting the PTP isoforms to different subcellular locations. One isoform, PTP61Fn, has a nuclear localization sequence. The other isoform, PTP61Fm, has a stretch of 24 hydrophobic amino acids that confer localization of the PTP to mitochondria and reticular network membranes.
It has been suggested that intracellular targeting sequences serve to localize PTPs to distinct subcellular compartments, possibly defining the substrate specificity and function of the enzymes (Mauro and Dixon, 1994) . It is likely that substrate specificity and biological function of PTPs is further determined by their temporal expression and spatial distribution within organisms. Therefore, it is crucial to determine when and where PTP genes are expressed to understand their biological functions.
In the work presented here, we have examined the spatial and temporal expression of the two alternative transcripts of DPTP61F during Drosophila embryogenesis. We show that the two transcripts accumulate in distinct developmental patterns. The DPTP61Fn transcript is expressed in the mesoderm and neuroblast layer during germband extension, and in the visceral mesoderm and endoderm during later stages. In comparison, the transcript encoding DPTP61Fm accumulates in 16 segmentally repeated stripes during germband extension, and in the CNS during later stages. 
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We describe the spatial relationship of the segmental stripes of DPTP61Fm transcript accumulation to the domains of engrailed (en) expression, and the effects of mutations in pair-rule and segment polarity genes on the pattern of DPTP61Fm transcript accumulation. A possible function of DPTP61Fm in the ectoderm of the germband is proposed.
Results

DPTP61F transcripts accumulate in a complex pattern during embryogenesis
We examined the RNA expression patterns of dptp61F during embryogenesis. Ubiquitous accumulation of DPTP61F transcripts was detected in the preblastoderm embryo (Fig. 2a) , consistent with the accumulation of DPTP61F transcripts in the late stage oocyte reported by Fitzpatrick et al. (1995) . During stage 5 of embryogenesis the signal from these presumptive maternal RNAs diminished. In stages 9 and 10 new signal, indicating the accumulation of zygotic transcripts, was observed in segmentally repeated stripes in the ectoderm (Fig. 2b,c) . With longer staining times transcripts were detected in the neuroblast layer, mesoderm, invaginating stomadeum and anterior and posterior midguts (Fig. 2c) . In later stage embryos the transcripts were detected in the central nervous system and the gut epithelia (see below). These observations indicate that DPTP61F transcripts accumulate in all three primary germ layers and are regulated in a segmentally repeated manner in the ectoderm.
Differential expression of alternatively spliced transcripts of DPTP61F
The hybridization probe used for our initial observations ( Fig. 2a-c catalytic domain, and thus detected the combined accumulation patterns of the two alternative transcripts, DPTP61Fn and DPTP61Fm. To determine the relative contributions of these alternative transcripts, probes specific for the unique sequences of each transcript were generated (Fig. 1) . Both transcripts were detected in the syncitial blastoderm embryo, suggesting that both RNAs are maternally contributed ( Fig. 3a,b ). After cellularization both transcripts waned, but began to accumulate again in the invaginating ventral furrow of stage 7 embryos (data not shown). At stage 9, DPTP61Fm mRNA resolved into 15 stripes in the extending germband (Fig. 3c) . During stage 10, one more stripe appeared in the posterior of the germ band (to total 16; Fig.  3e ), and two additional stripes perpendicular to each other were present in the head region. With longer staining times, DPTP61Fm was detected in the hindgut and anterior and posterior midguts (Fig. 3c) . In contrast, the DPTP61Fn transcript pattern never resolved into stripes during stages 9 and 10. Instead, DPTP61Fn transcripts accumulated in the mesoderm and neuroblast layer of the germ band, as well as in the invaginating stomadeum, the anterior and posterior midguts and the hindgut (Fig. 3d,f) . From stage 13 to 16, DPTP61Fm RNA preferentially accumulated in the developing central nervous system (brain and ventral nerve cord; Fig. 3g ), whereas the DPTP61Fn transcript was present in the esophagus, proventriculus, midgut and hindgut, but was not detected in the CNS at these stages (Fig. 3h ). These observations indicate that the transcripts encoding the two isoforms of DPTP61F accumulate in different tissues and at different times during embryogenesis. Only the DPTP61Fm transcript accumulates in a segmentally repeated pattern.
Segmentally repeated domains of DPTP61Fm transcript accumulation
The accumulation of DPTP61Fm transcripts in 16 stripes during the extended germ band stage is similar to the expression patterns observed for genes involved in the establishment of segment polarity. The morphology of the stripes matured gradually from stage 9 to 11. In stage 9 embryos the stripes traversed the ventral midline in a uniform band about five cells in width (Fig. 4a) . In stage 10 embryos, the domains of DPTP61Fm transcript accumulation condensed into a pair of ventro-lateral wedges on both sides of the ventral midline, connected by a thin strip of less intense staining approximately two cells wide which spanned the ventral midline (Fig. 4b,d-f ). This thin strip of staining diminished in late stage 10 embryos (see Fig.  6a .). Between the wedges was a trapezoidal area where little or no DPTP61Fm signal was detected. The lateral boundaries of this trapezoidal area roughly corresponded to the lateral margins of the epidermal primordium that gives rise to the denticle belt in each abdominal segment. This expression pattern was further refined in stage 11 embryos: The bilateral domains of transcript accumulation became more rectangular and transcripts were no longer detected near the ventral midline (Fig. 4c) .
To confirm that the pattern of DPTP61Fm expression corresponded with the developing parasegments, we stained stage 9-10 embryos for DPTP61F transcripts by in situ hybridization and then used immunocytochemistry to detect EN protein, which is expressed at the anterior boundary of each parasegment. DPTP61Fm transcripts accumulated adjacent and immediately posterior to each stripe of EN expression ( Fig. 4d-f ). In addition there was one extra DPTP61Fm stripe anterior to EN stripe 1.
The intensity of DPTP61Fm transcript staining was diminished at the posterior margin of the parasegment, 1-2 cell widths anterior to the next EN stripe (Fig. 4f, arrowhead) . These cells correspond to the domain of WG expression (Baker, 1987 ; and data not shown). Thus, the anterior and posterior margins of DPTP61Fm RNA accumulation correlate with the boundaries of EN and WG expression, respectively.
Regulation of DPTP61Fm transcript accumulation by pair-rule genes
The segmentally reiterated expression of en and wg is initially established by the actions of the pair-rule genes (Howard and Ingham, 1986; DiNardo and O'Farrell, 1987; Ingham et al., 1988) . To determine if DPTP61Fm transcript accumulation is also regulated by pair-rule genes, we examined how mutations in h, eve, odd, and prd influenced the pattern of DPTP61F transcript accumulation.
In h 7H94 embryos, the complement of DPTP61Fm stripes was reduced by half, to approximately eight wide stripes (Fig. 5a ). Stripes 8 and 9 remained distinct, but the intensity of stripe 9 was greatly reduced. What appeared to be stripe 7 was also reduced in intensity. It was difficult to determine whether the other remaining stripes were even or odd, because the remaining stripes were wider than wild type and occupied positions intermediate to the wild type stripes (see Fig. 3e for comparison). However, based on the reduction of sWipes 7 and 9, we presume that the other odd sWipes have been deleted. The accumulation of DPTP61Fm transcript was not consistent in all h embryos: In some embryos the width and intensity of all remaining stripes were severely reduced except for the putative 4/5 and 12/13 stripes (data not shown). Within embryos homozygous for the strong eve to19 allele, odd sWipes were absent except for sWipe 1 (Fig. 5c ). The accumulation of EN mRNA in embryos homozygous for the same pair-rule mutations was also detected for direct comparison (Fig. 5b,d ). Odd EN sWipes were deleted in h homozygous embryos leaving seven broad sWipes (Fig. 5b) . The odd sWipes of EN were also absent in eve homozygous embryos (Fig. 5d) . Thus, the alterations in the pattern of DPTP61Fm stripes were similar to the alterations observed in the pattern of EN sWipes in h 7tt94 and eve 1019 homozygous embryos.
In odd 5 and prd eR1 backgrounds, DPTP61Fm sWipes responded differently than EN sWipes (Fig. 5e-h ). In embryos homozygous for odd 5, a moderately hypomorphic allele, the intensity of every even sWipe of DPTP61Fm was decreased, starting with sWipe 2 (Fig. 5e ). In contrast, extra EN stripes were ectopically expressed posterior to the wild type even stripes in odd homozygous embryos (Fig. 5t) . Embryos mutant for prd rnl, also a moderate hypomorph, altered the spacing of the stripes of DPTP61Fm. It appeared that the odd numbered domains of expression were shifted anteriorly towards the even numbered domains, as if the two stripes were merging into one (Fig. 5g) . Stripe 1 merged into stripe 0, stripes 2 and 3 were coupled, stripes 4 and 5 were coupled, and so on. The width of the odd stripes appeared slightly greater than their even and wild type counterparts. However, the odd EN stripes were substantially reduced or deleted entirely in prd homozygous embryos. In summary, the patterns of EN and DPTP61Fm accumulation respond differently to mutations in odd and prd (see Section 3). Our results indicate that DPTP61Fm transcript accumulation is regulated by the pair-rule genes.
Regulation of DPTP61Fm transcript accumulation by segment polarity genes
Segment polarity gene expression boundaries are maintained and refined by interactions with other segment polarity genes (Hooper and Scott, 1992 Fig. 6b ,c to Fig. 6a ). These effects were similar in wg and hh mutant embryos, but were more pronounced in hh homozygotes.
D P T P 6 1 F m transcript accumulation appeared to be normal in embryos homozygous for enSrX31: T h e accumulation domains resolved into bilateral wedges during stage 10 and assumed a more rectangular shape during stage 11 (compare Fig. 6d to Fig. 6g) Fig. 4f ). Lines in (j,k) indicate the straight anterior edge of DPTP61F accumulation domains in wild type (k) as compared to nkd (j).
of DPTP61Fm accumulation were expanded (Fig. 6e,f,h,i) . In mutant embryos, the ventro-laterai domains of accumulation did not retract substantially from the ventral midline during stage 10. This is more obvious in stage 11 embryos, where the accumulation domains span the midline in ptc mutant embryos (Fig. 6i compare to wild type in Fig. 6g ) and are only slightly retracted from the midline in nkd mutant embryos (Fig. 6h) . The orientation of the wedges was altered relative to the ventral midline (compare Fig.  6j to 6k) . The anterior edge of the wedges in each parasegment form a straight line perpendicular to the A/P axis in wild type embryos (Fig. 6k) , while the anterior edge of the wedges is angled in nkd embryos (Fig. 6j) . In nkd embryos, EN is expressed in an enlarged domain which extends posterior from the normal domain of EN expression (MartinezArias et al., 1988) . Double staining of nkd homozygous embryos for DPTP61Fm transcripts and EN protein revealed that DPTP61Fm transcripts continued to accumulate in the cells that ectopicaUy express EN (Fig. 6c , arrowhead). We conclude that wg, hh, nkd and ptc are involved in refining the pattern of DPTP61Fm RNA accumulation within the parasegment, but we are unable to detect a role for en in this process.
Discussion
Alternative splicing generates two isoforms of DPTP61F with different carboxy termini, which target the isoforms to distinct subcellular locations (McLaughlin and Dixon, 1993) . Mauro and Dixon (1994) have suggested that the subcellular localization of PTPs in general may be an important determinant of substrate specificity. Since the alternative transcripts are differentially expressed during embryogenesis, we suggest that subcellular localization may mediate the participation of DPTP61F isoforms in different developmental processes, such as segmentation, mesoderm specification, and neurogenesis.
Differential regulation of DPTP61Fm transcript accumulation in segmentally repeated stripes
Our observations indicate that DPTP61Fm transcripts accumulate in 16 segmentally repeated stripes in the ectoderm, while the alternatively spliced DPTP61Fn transcripts do not. The pattern of transcript accumulation is sensitive to mutations in pair-rule genes, which are thought to act primarily at the level of transcriptional initiation. Although the observed accumulation of DPTP61F transcripts in stripes may be under direct transcriptional control, some additional mechanism must be involved to regulate the differential accumulation of the alternative transcripts. We have considered two mechanisms as to how this can be accomplished. In the first scenario, the differential accumulation of 'm' transcripts in preference over 'n' transcripts may be achieved by preferential use of the first polyadenylation site, which would terminate the transcript upstream of the intron seven 3' acceptor site, and thus preclude the incorporation of exon 8 to produce the 'n' form transcript (see Fig. 1 ). In the second scenario, the two transcripts are produced in a fixed ratio, and the 'n' form transcript is preferentially degraded. Regardless of the mechanism, factors that regulate the differential accumulation of the 'm' form must be present either in the ectoderm as a whole, or possibly in the segmentally repeated domains where DPTP61Fm accumulates. Our data do not allow us to distinguish between these two alternatives,
Potential substrates for DPTP61Fm in segmentation
The stripes of DPTP61Fm accumulation are in register with the stripes of known segment polarity genes, and are sensitive to mutations in pair-rule genes and segment polarity genes (see below). These observations suggest that DPTP61Fm may itself play some role in the establishment of segmental pattern. The products of two segment polarity genes, Armadillo (ARM) and Zeste-white 3 (ZW3), have been shown to contain phospho-tyrosine (Hughes et al. 1993; Peifer et ai., 1994a) , and thus may be subject to modification by tyrosine phosphatases. ARM is phosphorylated on serine/threonine and tyrosine residues in a process that is sensitive to WG signal (Peifer et al., 1994a) . Prior to WG signaling, ARM is detected only in adherens junctions (Peifer et al., 1994b) . In the presence of WG, ARM is less highly phosphorylated, and it accumulates in the cytosol (Peifer et al., 1994a) . ZW3 is a serine/threonine kinase (Siegfried et al., 1990; de Groot et al., 1993) , which may be activated by tyrosine phosphorylation (Hughes et ai., 1993) . Genetic evidence suggests that WG signaling represses ZW3 activity to allow EN to be expressed and ARM to accumulate in the cytoplasm (Siegfried et al., 1992) . DPTP61Fm is unlikely to be involved in regulating the WG-mediated repression of ZW3, or the cytoplasmic accumulation of ARM, because the domains of DPTP61Fm expression do not correspond with the areas of EN expression or ARM accumulation in the cytoplasm. We cannot exclude the possibility that DPTP61Fm could dephosphorylate ARM in a manner that does not affect its cytoplasmic accumulation, or ZW3 in a context that does not result in the expression of EN or a visible effect on the cytoplasmic distribution of ARM. An altemative possibility is that other segment polarity genes, or their downstream effectors, will be found to undergo tyrosine phosphorylation, and that DPTP61Fm may act upon one or more of these (as yet unidentified) phosphoproteins.
A Drosophila STAT homolog, called D-STAT (Hou et al., 1996) or Marelle (Yan et al., 1996) has recently been described, which is also expressed in a segmentally modulated pattern during the extended germband stages of embryogenesis. STATs are transcription factors that are translocated to the nucleus in response to tyrosine phosphorylation (reviewed in Schindler and Darnell, 1995; Tani-guchi, 1995; Ihle, 1996) . Like DPTP61Fm, Marelle expression extends posterior to the domain of EN expression in the anterior/posterior axis (Yan et al., 1996) . However, Marelle expression appears to be confined to the mesoderm (Hou et al., 1996; Yan et al., 1996) , while the segmentally modulated expression of DPTP61Fm appears to be confined to the ectoderm (see Fig. 4c-e) . Therefore, the segmentally modulated expressions of DPTP61Fm and Marelle do not appear to overlap with each other in the germlayers. DPTP61Fn transcripts are present in the mesoderm at the time of Marelle expression, so DPTP61Fn could modify the phosphorylation state of nuclear localized Marelle. Maternally contributed Marelle is required at an earlier point in embryogenesis, for the proper function of pair-rule genes in segmentation. Both forms of DPTP61F are present in the early embryo, and thus are expressed with Marelle during these early stages.
Regulation of DPTP61Fm transcript accumulation by pair-rule genes
Odd numbered stripes of DPTP61Fm were absent in eve and h mutant embryos, indicating that the activity of these genes is required for the establishment of odd numbered DPTP61Fm stripes, hairy also appears to be required to restrict the domains of DPTP61Fm even stripes as the even numbered stripes were wider than wild type. However, our observations in h mutant embryos are also consistent with an alternative possibility: The fewer, wider stripes we observed may result from the fusion of stripes 2-3, 4-5, 10-11, and 12-13. The establishment of EN odd stripes is also dependent on the activities of h and eve (Harding et al., 1986; Howard and Ingham, 1986; MacDonald et al., 1986; DiNardo and O'Farrell, 1987) . In h homozygous embryos EN stripes expand due to the ectopic expression of fushi tarazu (ftz), an activator of en (Howard and Ingham, 1986) . The expansion of the flz domains in h embryos may be involved in the repression of odd DPTP61F stripes.
The establishment of the even stripes of DPTP61Fm is dependent on odd-skipped, as the intensity of every even stripe was decreased in odd embryos. Loss of odd activity allows the expression offtz to resolve into a bimodal distribution (Mullen and DiNardo, 1995) . The new posterior peak of ftz plays a role in inducing ectopic EN stripes in even parasegments. Since we detect EN protein and DPTP61Fm within the same cells in nkd mutants we do not believe the ectopic expression of EN is responsible for repressing even DPTP61Fm stripes. It is possible that odd + acts directly to establish DPTP61Fm stripes in even parasegments. Alternatively, the expansion of ftz expression, associated with loss of odd activity, may cause repression of DPTP61Fm in even parasegments, paired appears to be required to limit the anterior boundary of odd numbered DPTP61Fm stripes, since they appeared wider in prd FR1 embryos as compared to wild type. In contrast, paired is a coactivator (with eve) of en in the odd parasegments (DiNardo and O'Farrell, 1987) . Our observations indicate that the A/P boundaries of DPTP61Fm accumulation are regulated by the products of the pair-rule genes. Since prd has been placed at the bottom of the pair-rule hierarchy (Baumgartner and Noll, 1991) , and the pattern of DPTP61Fm accumulation is sensitive to mutations in prd, our data suggest that DPTP61Fm accumulation is regulated downstream of the pair-rule genes. However, we cannot determine whether regulation by the pair-rule genes is direct or indirect.
Regulation of DPTP61Fm accumulation by segment polarity genes
DPTP61Fm transcript accumulation is altered in embryos homozygous for mutations in wg, hh, ptc, and nkd. These segment polarity genes are involved in the establishment of cellular identity in the anterior/posterior (A/P) dimension of the parasegment. However, none of the segment polarity mutations we examined appear to alter the A/P boundaries of DPTP61Fm accumulation. Instead, the ventro-lateral boundaries of DPTP61Fm accumulation (e.g. the shape and extent of the bilateral domains) seem sensitive to the A/P identity of the cells of the parasegment. The wild type activities of hh and wg suppress the loss of DPTP61Fm signal at the ventral midline, so as to maintain the accumulation of DPTP61Fm in bilateral wedges. In contrast, the wild type activities of ptc and nkd suppress the accumulation of DPTP61Fm near the ventral midline.
These changes in the patterns of DPTP61Fm accumulation in response to segment polarity mutations are somewhat complementary to the changes induced in the denticle pattern by the corresponding mutations. Denticles are secreted in a broad lawn along the ventral midline of hh and wg mutant embryos (Bejsovec and Wieschaus, 1993) , and the domains of DPTP61Fm accumulation are confined to the lateral regions of these embryos. Embryos homozygous for mutations in ptc or nkd have reduced denticle belts with abnormal morphology, and the domains of DPTP61Fm expression in these embryos are extended towards the ventral midline, partially occluding the areas that would give rise to the denticle belts in wild type embryos.
Possible roles for DPTP61F in development
Given the correlation of DPTP61Fm with the lateral margins of the denticle belt primordia, we suggest that it may be involved in the definition of the lateral boundaries of the denticle belts and the establishment of naked cuticle in the lateral epidermis. This role would apply to parasegments 6-13, which ultimately give rise to the denticle belts of the abdominal segments. DPTP61Fm transcripts also accumulate in wedge-shaped domains in parasegments 1-5, 14 and 15 which give rise to the gnathal and thoracic segments and the telson. These segments do not produce trapezoid-shaped denticle belts, so the correlation between DPTP61Fm transcript accumulation and the primordia of the denticle belts does not hold true in the gnathal and thoracic segments and telson. The homeotic genes of the Antennapedia and bithorax complexes regulate the morphology of segments along the anterior/posterior axis of the embryo, and they may suppress the production of denticle belts at a point downstream of the factors regulating the accumulation of DPTP61Fm. Ectopic expression of abdominal-type denticle belts, induced by uniform expression of an abd-A transgene, leads to the transformation of the thoracic denticles to a trapezoidal morphology similar to those of abdominal segments A2-A6 (Sanchez-Herrero et al., 1994) . Thus, the cues that define the lateral boundaries of abdominal denticle belts may already be present in anterior segments, and may be reflected by the accumulation of DPTP61Fm. Although DPTP61Fm accumulation seems to reflect the lateral boundaries of the denticle belts, the possibility remains that the segmentally regulated distribution of DPTP61Fm may not be functionally important.
Several segment polarity genes play roles in determining neuronal identities in the developing central nervous system that appear separate from their role in segmentation of the epidermis (Patel et al., 1989) . Our observation that DPTP61Fm is also expressed in the CNS during stages 13-16 suggests that it may also play a role in neurogenesis. This possibility is supported by the findings of Clemens et al. (1996) that DPTP61F interacts in vitro and in vivo with the Dreadlocks protein and that dreadlocks transcripts are expressed in the embryonic CNS at the same stages as DPTP61Fm transcripts. Garrity et al. (1996) have recently demonstrated that mutations in dreadlocks lead to axon projection defects in the Drosophila eye and that the gene product is homologous to the human proto-oncogene NCK, an SH2-SH3 adapter protein. Genetic analysis of mutations in dptp61F may allow confirmation of a biological role for DPTP61F in axonal pathfinding. DPTP61Fn is expressed in the visceral mesoderm and endoderm, where DPTP61Fm is only weakly detected. Thus, DPTP61Fn may provide distinct functions in these tissues. Analysis of mutations in dptp61F will be required to examine the developmental functions of this PTP.
Materials and methods
Drosophila stocks
Oregon R was used as our wild type stock. Mutant strains used were as follows: hairy (h) 
PCR generation of DPTP61F transcript-specific fragments
Cloned dptp61F genomic DNA was used as a template for PCR amplification using primers designed from 3' transcript-specific sequences. The following primers were designed to amplify DPTP61Fm-specific sequences: 61me5, 5'-CGTGGATCCTATTGCCGCTGGTGTTGTG-G-3'; 61me3, 5'-GGAATTCGGGGATCGGAAGTCG-GAAAT-3'. Primers used to amplify DPTP61Fn-specific sequences were as follows: 61NL5, 5'-GGAATT-CCTGGCGGCAAAGAAACGAAG-3'; 61NL3, 5'-CGGGATCCTTCCAATrTAAAAATAGTTT-3'. Each reaction contained 50 pmol of each primer in a buffer containing 50 mM KC1, 10 mM Tris-HC1 (pH 9.0), 0.1% Triton X-100, 2.5 mM MgCI2, 200/zM of each dNTP and 2.5 U of Taq polymerase (Promega). Temperature cycles were 2 min at 96°C, followed by 35 cycles of 1 min at 96°C, 1 min 30 s at 45°C and 1 min 30 s at 72°C. After the last cycle an extension of 15 min at 72°C was performed. PCR products of the expected size (178 bp for DPTP61Fm and 162 bp for DPTP61Fn) were gel purified and double digested with EcoR1 and BamH1 before directional cloning into Bluescript SK + vectors (Stratagene).
RNA probes
RNA probes were prepared following the digoxigenin RNA labeling reaction protocol provided by Boehringer Mannheim and modified by use of only 20 U of either T3 or T7 RNA polymerase (Stratagene or Pharmacia) and the addition of 40 U of RNase Inhibitor (Boehringer Mannheim) per reaction. After transcription, the RNA was hydrolyzed in carbonate buffer (60 mM NaECO3, 40 mM NaHCO3) at 65°C for 40 rain Sense and antisense were prepared for each DPTP61F cDNA clone.
In situ hybridizations were performed on 0-24 h embryos using sense and antisense digoxygenin-labeled RNA probes from dptp61F cDNA clones. Antisense probes were used to determine the patterns of transcript accumulation. Sense probes were used as a control for background and non-specific staining. In all cases the sense probes produced only very low levels of background staining. In the examination of pair-rule and segment polarity mutations, and in double labeling protocols, a probe transcribed from a full length dptp61F cDNA was used to improve sensitivity. This probe hybridizes to both transcripts, but only the 'm' form transcript is detected in the ectoderm, so we have attributed the segmentally repeated transcript accumulation patterns in these detections to DPTP61Fm.
In situ hybridizations and immunocytochemistry
Whole mount in situ hybridizations were performed as described by Tautz and Pfeiffle (1989) with modifications as follows. The fixation buffer was modified to 3 ml 1.3 × phosphate buffered saline (PBS) and 67 mM EGTA, 1 ml 37% formaldehyde and 4 ml heptane. The embryos were rehydrated and incubated for 5 min in methanol/PBT (1 x PBS and 0.1% Tween-20) (1:1) and 5% formaldehyde, 25 min in PBT and 5% formaldehyde and rinsed 5 × 1 min in PBT. Embryos were then incubated for 2-3 min in 4 mg/ml proteinase K in PBT, rinsed 2 x briefly and 4 x 2 min in PBT. Post fixation continued for 25 min in PBT and 5% formaldehyde. The embryos were rinsed 5 x 5 min in PBT, 1 × 10 rain in PBT/hybridization solution (1:1) and 1 × 2 min in hybridization solution. All prehybridizations and hybridizations were done at 55°C instead of 45°C. After hybridization, embryos were rinsed 3 × 1 min, l × 1 h, and 6 × 30 min at 55°C in hybridization solution and then washed 5 × 10 min in PBT at RT prior to antibody incubation. The embryos were incubated with anti-digoxygenin antibody (Boehringer Mannheim) overnight at 4°C.
For double labeling, the proteinase K digestion was omitted from the in situ hybridization protocol. Following RNA detection, immunocytochemistry was carried out as described in Patel et al. (1987) and K1Lrnbt et al. (1991) . Anti-EN mAb (4D9) was kindly provided by T. Kornberg. Anti-WG pAb (82265) was kindly provided by Cindy Samos.
Pair-rule and segment polarity mutations were maintained over balancer chromosomes, so only one quarter of the embryos collected would be homozygous for any given mutation. DPTP61Fm transcript accumulation was significantly altered in one quarter of the embryos from each of the pair rule stocks, facilitating the identification of those embryos as pair-rule mutant homozygotes, nkd homozygous embryos were recognized on the basis of their deep segmental invaginations and by double staining to detect the broadened domain of EN expression, hh and wg homozygous embryos were identified by double staining for DPTP61Fm transcript and WG expression. WG signal was diminished or absent in hh and wg homozygotes, respectively, en homozygous embryos were identified through lack of EN protein expression in double staining experiments, ptc homozygous embryos were recognized on the basis of their deep segmental invaginations. Embryonic stages are given as in CamposOrtega and Hartenstein, 1985. 
